The term "middle income trap" has been widely used in the literature, without having been clearly defined or formally tested. We propose a statistical definition of a middle income trap and derive a simple time-series test. We find that the concept survives a rigorous scrutiny of the data, with the growth patterns of 19 countries being consistent with our definition of a middle income trap.
Introduction
The term "middle income trap" was coined by Gill and Kharas (2007) to describe apparent growth slowdowns in many former east Asian miracle economies. Along with other recent studies they raised the concern that sustaining growth through the middle income band requires significant reforms to the institutions of economic policy making and political processes (Yusuf and Nabeshima 2009 , Woo 2009 , Ohno 2010 , Reisen 2011 . Likewise a growing literature claims to find evidence of middle income traps across a wide number of countries (Eichengreen, Park and Shin 2011 , The World Bank 2011 , Kharas and Kohli 2011 , Felipe, Abdon and Kumar 2012 , The World Bank 2012 .
1 But does such a thing as a middle income trap really exist? The literature so far is based only on informal and descriptive evidence. Little attempt is made to distinguish a slowdown, which may be due to convergence, from a trap, and the concept of a "trap" has not been defined. Specifically the time series properties of the per-capita income data have not been considered. Hence what appears to be a lack of catch-up in per capita income levels, may in fact reflect phenomena that are inconsistent with the notion of a trap, such as slow convergence or a stochastic trend. Conversely short run transitional dynamics in the growth process may cause an appearance of strong growth over some finite period, even if a country were in a middle income trap. In both cases identifying the true growth path may be further confounded by the presence of structural breaks.
We propose a simple definition of a middle income trap (MIT hereafter) which explicitly considers a countries long run growth path. This definition also points to a natural test procedure for the presence of a MIT using time series data. We apply this test across countries to see if the concept stands scrutiny. We find that half of the current middle income countries satisfy our definition of a MIT, including two former east Asian miracle economies.
Defining a Middle Income Trap
In order to operationalize the idea of a MIT, first consider a reference country that is growing on a balanced path -that is, at a rate equal to the growth rate of the world technology frontier. It will be convenient to define a middle income band as a range of per capita incomes relative to this reference country.
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Then a necessary condition for country i to be in a MIT is that the expected value, or long term forecast, of i's per capita income is: (i) time invariant, and; (ii) lies within this middle income band.
Specifically let y i,t be the natural logarithm of country i's per capita income in year t, and y r,t be the log income of the reference country in year t. Note that if y r,t and y i,t contain a common deterministic trend, then x i,t ≡ y i,t − y r,t is stationary. Further let y r,t and y r,t define a middle income range for countries' per capital incomes. Then, if I t denotes the information set at time t, a compact expression for a MIT is Definition of a MIT. Country i is in a MIT if
where andx i is a constant.
According to (1), a MIT requires that the series x i,t be stationary with a nonzero mean.
In particular the presence of a stochastic trend in x i,t violates (1) since the mean of a stochastic trend is not time invariant. In addition (2) requires thatx i lies in the middle income band. This is important since, if x i,t is stationary, the long run meanx i may differ substantially from the current value of x i,t , or the simple mean calculated over some finite interval, due to short run dynamics.
A Test Procedure
We test for a presence of a MIT using the following Augmented Dick-Fuller (ADF) unit root test specification,
Suppose we consider the null hypothesis (H 0 ) that x i,t has a unit root, namely, α = 0. The alternative hypothesis (H 1 ) is that x i,t is stationary, α < 0.
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If the null is rejected we then check to see if (2) is satisfied by checking that the estimated mean of the series,x i = −µ/α, is within the middle income band.
We begin by performing the above ADF unit root tests on each country in our sample country. If the null is not rejected for some country, we then consider the possibility of structural breaks. We allow for (i) a simple break in the level of the series x i.t , and; (ii) a short run time trend t in any period, prior to structural breaks, in both of the level and the slope. To allow for one structural break we include the "intercept" dummy DU t and "slope" dummy DT t , where, for some endogenous break date, T B : DU t = 1 if t > T B , 0 otherwise, and; DT t = t − T B if t > T B , and 0 otherwise. To allow for a second structural break, we simply include another set of "intercept" and "slope" dummies.
We therefore consider a sequence of tests, first allowing no breaks for each sample country. Then if the unit root cannot be rejected, we further allow for one structural break, and tests for unit root in x it in the last period following any break. Finally if the null is not rejected we then consider two structural breaks. 5 The lag length is chosen using the procedure described by Bai and Perron (1998) . 
Data
The natural candidate for a reference country is the USA. As shown by Jones (2002) , over the last 125 year the average growth rate of GDP per capita in the USA has been a steady 1.8 percent per year. It is therefore natural to think of the USA as lying close to the technological frontier and on a balanced growth path. This contrasts with many European economies that experienced significant catching-up during the early post WWII period -the golden age (Landon-Lane and Robertson 2009). According to this definition, 46 out of 189 countries are middle income countries.
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[ Table 1 about here]
In order to contrast our approach with the existing literature, Table ( 1) also lists the simple mean growth rate of relative income (i.e the mean of x i,t − x i,t−1 ) for each country. If this is significantly different from zero it indicates that there has been catch-up, or divergence, relative to the USA over the sample period. Alternatively if the growth rate of income for country i, relative to the USA is approximately zero, that country may appear to be in a MIT. This corresponds to an informal test of a MIT similar to approaches used in the existing literature. It can be seen that all but nine countries in our sample pass this informal test. Thus we have a list of 37 suspect MIT countries, from a total of 46.
This estimate of the growth rate of relative income, however, is only valid if there are no short-run dynamics present in the underlying data generating process for the growth rate of per capita incomes. As disused above, a better definition of a MIT would consider whether the long run mean valuex i is: (i) stationary and (ii) in the middle income band. Table ( 2) lists the countries for which the null hypothesis can be rejected at some stage in the test sequence described above. It includes information on the number and type of endogenous trend breaks, the dates of any trend breaks, and the estimated value ofx i .
Results
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We find that, of our sample of 46 middle income countries, there are 23 for which we can reject the null that x i,t is non-stationary and 23 for which we cannot reject the null. Furthermore, of the 37 countries which appear to have no tendency for catch-up -that is 7 We exclude countries with populations under one million and countries whose data on GDP per capita start later than 1970.
8 Since the shape of the world distribution of country incomes (relative to the USA) has been very constant over the last 50 years, the choice of 2007 as a reference year is innocuous. Also the choice of 2007 mitigates the disturbance brought by the global financial crisis. Including the financial crisis period until 2010, however, does not make any substantive difference to our results.
9 Detailed results for ADF tests, ZA tests and LP tests see Table ( 3), where the simple mean growth rate of relative incomes is zero -there are 21 for which we cannot reject the null hypothesis of a non-stationarity. Hence our first conclusion is that by ruling out stochastic trends we eliminate approximately half (21/37) of our suspect MIT countries.
Second, of the nine countries in Table (1) that have mean growth rates of relative incomes that are significantly different from zero, there are seven where we find that we can also reject the null hypothesis, implying a stationary trend. Thus, despite the appearance of strong catch-up, or divergence, in many middle income countries, we find that this catch-up has been interrupted by a structural break or is insufficiently strong to break out the middle income band.
Finally of the 23 countries where we find a stationary trend, there are four -namely Bolivia, Indonesia, Mongolia and Morocco -for whichx i is below our pre-specified middle income band. For these countries, therefore, it might be argued that their income levels are not high enough to qualify as being middle income. None of countries in our sample havex i above the middle income band. Thus overall we find there are 19 out of 46 countries that satisfy our strict definition of a MIT.
The results for the 23 countries with stationary trends can be seen visually in Figure ( Thus, for example, it can be seen that relative income in Botswana has increased, implying catch-up. Nevertheless this can be seen to be a result of short dynamics of convergence to a mean that is still within the middle income band.
A similar pattern is evident for Indonesia and Thailand which are of interest since much of the motivation for looking at the existence of MITs was the relatively sudden growth slowdown in these former east Asian miracle economies. In these cases our results confirm a deterministic trend followed by a structural break at about the time of the financial crisis. Hence since the 1990's both country's growth paths of relative income are consistent with a MIT. Note, however, that in the case of Malaysia we cannot reject the null hypothesis.
Finally Figure ( 1) also also shows that some countries, particularly Iran and Mexico, have fallen into a MIT after several decades of strong convergence which took then temporarily above the middle income band.
[ Table 2 about here]
[ Figure 1 about here]
Conclusion
Does a middle income trap really exist? We provide a testable definition of a MIT. Our definition requires that the long-term forecasts of income levels show no tenancy to converge to the wealthy group of countries, or diverge below the middle income band. This differentiates between middle income traps and other short run phenomena such as: (i) middle income slowdowns, which may be due to standard convergence arguments; (ii) structural breaks, and; (iii) stochastic trends.
Naturally other definitions and test procedures are possible. Likewise we have not commented on the likelihood of middle income traps, versus non-convergence at any other level of income. Nevertheless our results show that the concept of MITs stands scrutiny in a statistical sense. Specifically the growth trajectories of a large number of current middle income countries are consistent with what we would expect to observe if they were in a middle income trap. Appendix 1: The Computation ofx i Assume X t is autoregressive level stationary of order p, namely, X t = µ + α 1 X t−1 + α 2 X t−2 + .... + α p X t−p + ε t , where t = p + 1, p + 2, .... Equivalently, it can be written as:
If X t is autoregressive trend stationary of order p, X t = µ + βt + α 1 X t−1 + α 2 X t−2 + .... + α p X t−p + ε t , then it can be equivalently transformed as (Dahlhaus 1997 ): X t = a + bt + x t , t = 1, 2, ..., where x t is zero mean stationary process. The formula ofX, which is a function of t, is a + bt, where
Based on estimated coefficients reported in Table ( Notes: ***, ** and * denote statistical significance of the test α = 0 at the 1%, 5% and 10% level respectively, based on critical values derived from 5000 pseudo-series. Both pre-break and post-break means (x i ) are reported if Model A applies, while only post-break mean reported for Model C.
***, ** and * denote statistical significance of the test α = 0 at the 1%, 5% and 10% level respectively, based on critical values derived from 5000 pseudo-series. (-7.4744) Notes: The means (x i ) of the three sub-intervals are reported if Model AA applies, while only the mean after the second break reported for Model CC. ***, ** and * denote statistical significance of the test α = 0 at the 1%, 5% and 10% level respectively, based on critical values derived from 1000 pseudo-series.
